High-producing Landrace-Large White crossbred gilts ( n = 50) involving 198 farrowings were used to evaluate dietary gestation protein (13 vs 16% CP) and gestation feed intakes (Control vs High), and their interaction, over a five-parity period on sow reproductive performance. Gestation feed intake for Control was 1.81 kg/d during parity 1, increasing by .09 kg for each successive parity. The daily feed intake for High was greater by .13 kg or approximately 450 kcal ME at each respective parity. The experiment was a 2 × 2 in a randomized complete block design conducted in two replicates with parity nested within sow groups. Sow weights and backfat thickness were determined at various intervals. A lactation diet containing .90% lysine in parity 1 and .80% lysine during parities 2 to 5 was fed to all sows from farrowing to weaning (21 d). Sow and pig weights, feed intakes, and colostrum and 21-d milk samples were collected during each lactation. The High feed intake and the 13% protein diet resulted in greater ( P < .01) backfat thicknesses, and the effects were additive. Backfat thickness declined quadratically ( P < .01) by parity and from late gestation to the rebreeding period of the following parity. The High feed intake resulted in a larger litter size ( P < .01), whereas dietary gestation protein concentration had no effect on parturition performance. Sows in each parity consumed more ( P < .01) feed from 0 to 7 d postpartum and for the overall 21-d lactation period ( P < .01) for parity 1 when the 16% gestation protein had been fed. Gestation feed intake regimens did not affect lactation feed intake. Neither gestation variable affected colostrum or 21-d milk fat, but concentrations declined ( P < .01) in all groups after parity 2. Parity 1 litters were heavier at 14 and 21 d, with larger litter gains from 0 to 14 and 0 to 21 d when gestating sows had been fed the 16% protein and the High feed intake combination compared to the other sow treatment groups. From parity 2 to 5, litter weights and gains were similar for all treatment groups. This resulted in a three-way interaction response ( P < .05) for these variables. These results suggest that primiparous sows required a greater gestation protein concentration and greater feed intake than generally recommended, but the 13% CP diet at the High feed intake was effective in older sows.
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ABSTRACT:
High-producing Landrace-Large White crossbred gilts ( n = 50) involving 198 farrowings were used to evaluate dietary gestation protein (13 vs 16% CP) and gestation feed intakes (Control vs High), and their interaction, over a five-parity period on sow reproductive performance. Gestation feed intake for Control was 1.81 kg/d during parity 1, increasing by .09 kg for each successive parity. The daily feed intake for High was greater by .13 kg or approximately 450 kcal ME at each respective parity. The experiment was a 2 × 2 in a randomized complete block design conducted in two replicates with parity nested within sow groups. Sow weights and backfat thickness were determined at various intervals. A lactation diet containing .90% lysine in parity 1 and .80% lysine during parities 2 to 5 was fed to all sows from farrowing to weaning (21 d). Sow and pig weights, feed intakes, and colostrum and 21-d milk samples were collected during each lactation. The High feed intake and the 13% protein diet resulted in greater ( P < .01) backfat thicknesses, and the effects were additive. Backfat thickness declined quadratically ( P < .01) by parity and from late gestation to the rebreeding period of the following parity. The High feed intake resulted in a larger litter size ( P < .01), whereas dietary gestation protein concentration had no effect on parturition performance. Sows in each parity consumed more ( P < .01) feed from 0 to 7 d postpartum and for the overall 21-d lactation period ( P < .01) for parity 1 when the 16% gestation protein had been fed. Gestation feed intake regimens did not affect lactation feed intake. Neither gestation variable affected colostrum or 21-d milk fat, but concentrations declined ( P < .01) in all groups after parity 2. Parity 1 litters were heavier at 14 and 21 d, with larger litter gains from 0 to 14 and 0 to 21 d when gestating sows had been fed the 16% protein and the High feed intake combination compared to the other sow treatment groups. From parity 2 to 5, litter weights and gains were similar for all treatment groups. This resulted in a three-way interaction response ( P < .05) for these variables. These results suggest that primiparous sows required a greater gestation protein concentration and greater feed intake than generally recom
Introduction
Two major reasons for culling sows are anestrus and failure to conceive postcoitum. A low body fat content at weaning (MacLean, 1968; Fahmy, 1981) or a low lactation feed intake (Reese et al., 1982; Johnston et al., 1989; Yang et al., 1989) have been implicated as delaying or preventing the onset of postweaning estrus. An increased energy intake during gestation increases a sow's body fat content, but it may subsequently reduce lactation feed intake and cause other reproductive problems (Salmon-Legagneur and Rerat, 1962; Baker et al., 1969; Dourmad, 1991; Revell et al., 1994; Weldon et al., 1994) . Consequently, excesses or inadequacies of energy for gravid pigs can contribute to poor reproductive performance, low lactation feed intake, and culling from the breeding herd. As a result, gestation diets composed of corn-soybean meal mixtures have been recommended at daily intakes between 1.8 and 2.0 kg (NRC, 1988) .
Dietary protein effects on sow anestrus and other reproductive problems are not as clear as those of dietary energy. Dietary protein restriction during pregnancy has resulted in low pig birth weights and reduced litter weaning weights (Shields et al., 1985) but has generally not affected litter size. High dietary protein (amino acid) concentrations are, therefore, necessary during lactation to attain high litter weaning weights (Tokach et al., 1992) . The objective of this experiment involved feeding two gestation protein concentrations at two feed intake levels and evaluating their interaction effects over a five-parity period on sow reproductive performance using a high-producing sow genotype.
Materials and Methods
Pre-Experimental Period. A total of 50 F 2 gilts ([Landrace × Large White] × Large White) in two replicates ( n = 25 per group) were procured at about 35 kg BW from a herd in which high sow production selection criteria had been followed. Gilts were housed in groups of six or seven in complete confinement facilities on partially slatted (40%) floors with a minimum floor space of .93 m 2 per animal. During the grower and finisher periods all gilts were fed similar diets composed of corn and soybean meal mixtures and formulated to meet or exceed NRC (1988) recommendations. Diets were provided for ad libitum consumption up to a body weight of 105 kg BW and thereafter provided at a minimum of 1.81 kg once daily in individual feeding crates until 130 kg BW was reached by the beginning of the breeding cycle ( 8 mo).
Experimental Treatments and Design. Gilts were randomly allotted to a 2 × 2 factorial arrangement of treatments in a randomized complete block design in two replicates and fed their treatment diets for an average of 12 d before their initial breeding. The first experimental variable was the dietary protein concentration (13 or 16% CP) provided during gestation; the CP was calculated to a .55 and .75% lysine level, respectively. Both sequences exceeded the current NRC (1988) recommendation of .43% lysine. The second experimental variable was the quantity of feed provided during gestation. The first group ( Control) was provided a feed intake that was similar to NRC (1988) recommendations. In this group, parity 1 gestation feed intake was 1.81 kg/d and was increased by .09 kg for each successive parity. The second sow treatment group was fed a greater quantity of feed per day ( High) equivalent to .13 kg additional feed, or approximately 450 kcal ME for each parity. Because the animals fed the High feed intake during gestation also consumed a greater quantity of all nutrients, the experimental variable is referred to as gestation feed intake. The calculated energy level of the gestation diet was 3.24 Mcal ME/kg diet; the daily quantities of ME provided during gestation to the two sow groups over the five-parity period are presented in Table 1 . Gestation diets were provided from the beginning of the breeding cycle (parity 1 ) or from weaning (parity 2 to 5 ) to parturition. The animals were fed their respective gestation treatment diets over a five-parity period. The quantity of feed for each sow was weighed into individual containers and fed once daily in individual stalls.
To evaluate the carryover treatment effects from gestation to lactation, all sows within parity were fed the same lactation diet. It was anticipated that the lactation feed intakes of primiparous females would be less than those of the sows of later parities. The diet of all parity 1 animals was formulated to contain .90% lysine, whereas the lactation diet of sows in parity 2 to 5 contained .80% lysine; both exceeded the current NRC (1988) recommendation of .60% lysine. The percentage compositions of the two gestation and two lactation diets are presented in Table 2 . Lactation diets were provided upon farrowing and fed until weaning, whereupon the gestation treatment diet was provided. Sows were offered their lactation diet at 2.7, 3.6, and 4.5 kg for the first 3 d postpartum, respectively, whereupon it was provided for ad libitum intake to weaning.
Experimental Procedures and Measurements. Gilts and sows were hand-mated a minimum of two times to Duroc boars upon the detection of estrus. Animals were weighed at breeding, 30, 60, 90, and 109 d postcoitum, within 12 h after parturition, at 7 and 14 d postpartum, and at weaning on d 21 during each parity. Backfat measurements collected on these same days were determined approximately 40 mm off the midline of the 1st, 10th, and last rib using a Renco instrument (Lean Meater, Minneapolis, MN) and averaged.
Gilts and(or) sows were housed in partially slotted (20%) concrete-floored pens in their respective gestation treatment pens in groups of six to seven animals; this provided a minimum of 1.25 m 2 of floor space per animal. Within the breeding/gestation area overhead heaters and air bags were used to heat and circulate the air as needed; room temperatures ranged between 24 and 32°C during the experiment. At 109 d postcoitum, animals were washed, taken to individual farrowing crates, and fed their gestation diet until farrowing. Within 12 h after parturition, sows were weighed, and their litters were processed (i.e., pig weights, ear-notched, Fe injection, and navel cord trimmed).
Litters were equalized by d 3 postcoitum, but only within their respective sow treatment group. Sows were administered oxytocin i.m. and 30 to 50 mL of colostrum or milk was collected from functional mammary glands at 0 and 21 d postpartum, respectively. Upon collection, milk samples were maintained in a freezer ( −4°C ) until they were analyzed for fat content with the Babcock method (AOAC, 1995) .
Sow and pig weights were collected at 0, 7, 14, and 21 d postpartum, and weekly sow feed intakes were determined. At weaning (21 d), sows remained in their farrowing crates for 1 to 3 d but were fed their gestation diet at their treatment feed intake level (Table 1 ) before being returned to their breeding/ gestation pens. All animals were bred at their first estrus postweaning, but if they failed to cycle or conceive, they were continued on their same gestation treatment diet but allowed to be rebred on the next cycle and placed into the next breeding group. Only one missed estrous cycle was allowed per animal for the five-parity period; otherwise they were removed from the experiment. Reasons for culling animals generally were for problems associated with health, locomotion, or anestrus, but there was no effect of either gestation treatment variable on the number of sows culled.
Statistical Analysis. The experiment was a 2 × 2 factorial in a randomized complete block design with sow treatments nested within parity. The data were statistically analyzed as outlined by Steele and Torrie (1980) using the GLM procedure of SAS (1985) . Individual sow and litter measurements were considered the experimental unit. Regression analysis was used to evaluate parity responses, and single df contrasts were used to evaluate the two dietary protein concentrations and the two feed intake levels. Individual parity responses were independently analyzed to more clearly delineate the interaction responses within parity. Appropriate main effects of sow and litter responses are presented in tabular form with sow weights and backfat thicknesses presented in figure form. Interaction responses are denoted in the text and when appropriate reported in figure form.
Results

Sow Responses to Gestation Feed
Intake. The effect of gestation feed intake on average sow gestation and lactation measurement criteria are presented in Table  3 . Sow weights at each measurement interval representing the two gestation feed intake regimens over the five-parity period are presented in Figure 1 . Sow weights were higher when the High quantity of feed was provided during gestation, but differences in weights of sows in parity 1 and 2 between these two feed intake groups were only significant ( P < .01) at 90 and 110 d postcoitum. Thereafter, sow weights were consistently higher at each measurement period ( P < .01) when the High gestation feed intake was Figure 1 . Sow gestation and lactation weights as influenced by gestation feed intake (CFI = control feed intake; HFI = high feed intake) over a five-parity period. The interval denoted between lactation (L) and gestation (G) is the period from weaning to rebreeding. provided (Figure 1 ). Resulting gestation weight gains were higher ( P < .01) when the High feed intake was provided.
Lactation weight losses from farrowing to weaning occurred during parity 1 for both gestation feed intakes (Figure 1 ). There was no weight loss from farrowing to weaning for either gestation feed intake treatment group during parity 2 to 5, but rather a small but apparent weight gain (Table 3) . Weight losses occurred, however, from weaning to the rebreeding period in both sow feed intake groups at each parity (Figure 1 ). When weight changes were considered in this manner, there was a net weight loss from farrowing to rebreeding in both feed intake groups in each parity.
Sow backfat thicknesses were higher at each gestation measurement interval during each parity when the High gestation feed intake level was provided, but it differed ( P < .05) only at 90 and 110 d postcoitum during parity 1 and 2. In parity 3 to 5, gestation backfat thickness was consistently higher ( P < .01) when the High gestation feed intake was provided (Figure 2) .
Sow backfat thickness either declined from d 90 postcoitum (parity 1), reached a plateau, or had a low increase (parity 2 to 5 ) to farrowing in both feed intake groups. From farrowing to weaning and then to the rebreeding period of the following parity, sow backfat thickness declined for both gestation feed intake groups (Figure 2) .
Gestation feed intake level had no effect ( P > .15) on lactation feed intake during each week postpartum and for the overall 21-d lactation within each parity (Table 3) .
There was a quadratic increase ( P < .01) in weekly and total sow feed intake by parity. Sow lactation ADFI increased more from parity 1 to 2, whereupon it increased more gradually in a quadratic manner ( P< .01) from parity 2 to 5 (Table 3) .
Gestation feed intake level had no effect on colostrum or 21-d milk fat concentrations (Table 3) . However, a linear decrease ( P < .01) in colostrum and milk fat content resulted as parity advanced. The largest decline in colostrum milk fat concentration occurred from parity 1 to 2 with a smaller decline from parity 2 to 5, whereas 21-d milk fat declined after parity 2 ( P < .01). The higher colostrum and 21-d milk fat content of parity 1 and 2 sows was consistent with their higher backfat thickness.
Sow Responses Influenced by Gestation Protein Level.
Gestation protein concentration had no effect on sow body weights, gestation weight gains, or subsequent weight changes during lactation (Table 3) . No inter- action effect ( P > .15) occurred between gestation protein × parity or between gestation protein × feed intake on these sow weight variables. Backfat thickness during gestation was higher ( P < .01) when sows were fed the 13% compared with the 16% protein diet, particularly after parity 1 ( Figure  3 ). From parity 2 to 5, there was a consistently higher backfat thickness at each measurement period when the 13% CP gestation diet was fed, but the gestation protein × parity interaction response was not significant ( P > .15). Backfat thickness responses from feeding either the different gestation protein diets or feed intakes were independent of each other and responses to both variables were additive; their interaction response was, however, not significant ( P > .15).
There was a trend ( P < .10) for a backfat thickness interaction response for gestation protein × feed intake × parity during gestation. Backfat thickness was higher ( P < .01) and increased more during gestation when the 13% protein diet was provided at either the Control or High gestation feed intakes than at the corresponding feed intakes when the 16% protein diet had been fed. The responses in all treatment groups was of a greater magnitude between treatment groups as parity progressed.
Colostrum or 21-d milk fats were not affected ( P > .15) by dietary gestation protein level (Table 3) .
Sow Parturition Performance. The effect of gestation
feed intake on parturition performance demonstrated that sows fed the High gestation feed intake farrowed more total ( P < .01) and live pigs ( P < .01) compared to the group fed the Control feed intake ( Table 4) . The larger litter size response occurred during each parity except for parity 2, in which both feed intake groups had a similar number of pigs born (Figure 4 ). There was no parity × gestation feed intake interaction ( P > .15) response on litter size. The number of stillbirths was somewhat higher when the higher gestation feed intake level was provided, but the response was not significant ( P > .15).
Because there were more live pigs born when sows were fed the High gestation feed intake, the resulting litter birth weights at 7 and 14 d postpartum were also higher ( P < .01) between these two treatment groups, whereas individual pig birth weights were similar (Table 4) . Figure 4 . Effect of sow gestation feed intake (CFI = control feed intake; HFI = high feed intake) over a fiveparity period on number of live pigs born.
Dietary protein concentrations provided during gestation had no effect on the number of pigs born (total, live, and stillbirths), or on litter birth weights ( P > .15). Because of the larger litter size, individual pig birth weights were lower ( P < .05) when the 16% protein diet had been fed. There were no gestation protein × parity interaction responses ( P > .15) for these measurement criteria.
Litter size (total and live) increased by parity ( P < .01), particularly after parity 2. Litter weights were relatively similar by parity but, because of larger litter sizes with the older sows, individual pig birth weights declined ( P < .05) with advancing parity (Table 4) .
Lactation Responses. The effect of gestation feed intake on litter and pig performance responses during lactation is presented in Table 4 . Because gestation feed intake level had influenced litter size at birth, there was a gestation feed intake × parity interaction response on subsequent litter size postpartum. Sows nursed a larger number of pigs on 7 ( P < .01), 14 ( P < .05), and 21 ( P < .05) d postpartum when the High gestation feed intake had been provided. Consequently, average litter weights at birth ( P < .01) and 7 ( P < .01) and 14 d ( P < .05) postpartum were higher at each parity when gestating sows had been fed the High quantity of feed. Weekly differences between the Control and High feed intake treatment Figure 5 . Effect of gestation protein concentration, gestation feed intake, and parity on 21-d litter weight. The three-way interaction response was significant (P < .05). Figure 6 . Effect of gestation protein concentration, gestation feed intake, and parity on 0-to 21-d litter gains. The three-way interaction response was significant (P < .05).
groups, however, seemed to narrow as lactation progressed, resulting in 21-d litter weights that were not significant ( P > .15). Individual pig weights were, however, similar at the various weekly periods. Average litter gain was higher ( P < .05) from 0 to 7 d postpartum for the five-parity period when the High gestation feed intake was fed, but not thereafter. These results suggest an initial beneficial carryover response resulted from feeding the High gestation feed intake during the first week postpartum.
When the 16% CP gestation diet had been provided, sows of each parity consumed more feed during the first week postpartum ( P < .01; Table 3 ). In parity 1, sow lactation ADFI for the overall 21-d lactation period was higher ( P < .01), averaging 4.90 vs 4.42 kg/d when the 16 and 13% gestation protein diets had been provided, respectively. During parities 2 to 5, overall sow ADFI was also slightly higher when the 16% CP diet had been fed, averaging 6.70 vs 6.58 kg/d, respectively, but this response was not significant ( P > .15). Dietary lactation lysine concentrations were above current NRC (1988) recommendations; lysine intakes averaged 41.9 g/d for primiparous and ranged from 51.0 to 56.6 g/d for multiparous sows.
The effect of gestation protein concentration on average litter and pig performance responses for the five-parity period reported in Table 4 demonstrated a litter gain response ( P < .05) the first week postpartum when the higher-protein gestation diet had been fed, but no weekly response thereafter on litter size, litter weight, litter gain, or individual pig weights or gains ( P > .15).
There was a three-way interaction response between dietary gestation protein concentration, gestation feed intake, and parity on litter weights and litter weight gains. Gestating sows fed the 16% protein and High feed intake combination not only had larger pig numbers, but this sow treatment group also had larger parity 1 postpartum litter weights at 7 ( P < .05), 14 ( P < .05), and 21 ( P < .05) d postpartum than the other sow treatment groups. During parity 1 when sows were fed the 16% CP diet and the High feed intake, and compared with the Control gestation feed intake at either 13 or 16% protein diets or when the 13% CP diet was provided in combination with the High gestation feed intake, the resulting 14-and 21-d litter weights ( P < .05) and 0-to 14-d or 0-to 21-d litter gains were larger ( P < .05) in the former than in the latter treatment groups. In contrast, from parity 2 to 5, litter weights and litter gains did not differ ( P > .15) among the four treatment groups. The parity 1 and parity 2 to 5 litter weights at 21 d ( P < .05) and the 0-to 21-d litter gain ( P < .05) responses demonstrating this interaction response are presented in Figures 5  and 6 , respectively.
Discussion
This experiment did not evaluate dietary extremes for either gestation protein concentrations or feed levels. It was, however, designed to evaluate commonly used feed intakes and dietary protein concentrations and have enough range in the variables to evaluate the interaction effects during a long-term reproductive study.
The relatively small increase in sow gestation feed intake (.13 kg/d) and the lower 13% protein gestation diet independently, and in an additive manner, increased sow body fat content, as indicated by the higher backfat thickness. The results suggest that the 13% gestation protein diet was perhaps more effective in increasing sow body fat content than was the higher gestation feed intake. A feeding strategy for lean maternal genotypes may therefore be to feed a diet higher in protein through the first parity, followed by a lower-protein diet with a higher feed intake for older gestating sows.
Neither gestation feed intakes nor protein concentrations at the dietary levels evaluated affected colostrum or milk fat content. There was, however, a decline in milk fat as parity progressed along with a decline in backfat thickness. Dietary fat had not been included in the lactation diets in order to evaluate whether either the higher feed intake, largely as increased starch, or the two protein diets would affect milk fat content.
Although lactation weight losses did not occur after parity 1, there was a loss of body weight and backfat thickness after sows were weaned. This weight loss was largely attributed to losses of body water and intestinal fill resulting from the lower postweaning feed intake and body water balance adjustment resulting from the cessation of milk secretion. When considered in this manner, a body weight loss occurred from parturition to the following rebreeding period. This loss along with the declining backfat thickness was largely considered to be a net loss of body fat, and possibly some body protein and water. Body fat losses also seemed to occur from late gestation and continued through the rebreeding period. The reduction in backfat thickness during the postweaning period demonstrates that the sows were in an energy catabolic state during the rebreeding period. The occurrence of fat catabolism after sows are weaned was also reported by Yang et al. (1989) .
The additional .13 kg of feed per day during gestation in the High feed intake group did not seem to reduce sow feed intake during any subsequent lactation. Sow lactation feed intakes were, however, higher during the first week postpartum of each parity when the 16% gestation protein diet had been fed. This response continued throughout the 21-d lactation period for parity 1 sows but not for older sows.
The combination of the High feed intake and the higher protein level resulted in the heaviest litters and higher litter gains for primiparous females but not for older females. Although litter gains were higher during the initial week postpartum for the sows of each parity when the 16% protein and the High feed intake had been fed during gestation, the overall 21-d litter weights and litter gains of older sows seemed similar to those of sows fed the lower gestation protein level. The litter gain improvements of sows during the first week postpartum occurred even though the dietary lactation lysine levels provided exceeded NRC (1988) recommendations. The results indicate that the dietary lysine concentration during lactation was inadequate during this period and it became necessary for lactating sows to use labile body reserves for early milk production when low postpartum feed intakes occurred. The interaction response between gestation and lactation dietary protein concentration on litter weight gains has been previously demonstrated (Mahan and Mangan, 1975) . Because first parity females continue to deposit muscle tissue along with conceptus products, they probably have a higher amino acid requirement during gestation and lactation than older sows. Weldon et al. (1991) had previously demonstrated that dietary protein and energy had a minimal effect on mammary tissue development. Sows are currently being weaned earlier, and the nutrient carryover effects from gestation to lactation may become of greater importance with sow feeding strategies.
The increased litter size response to the High gestation feed intake occurred in four of five parities. The improvement in litter size was attributed to the flushing effect from a higher energy intake initiated at the time of weaning, most probably from the carbohydrate fraction. Armstrong et al. (1986) had previously demonstrated that energy restriction during lactation affected the subsequent weaning to breeding interval. Cox et al. (1987) previously demonstrated that an increased energy intake, largely from cornstarch, in combination with an insulin injection resulted in a higher ovulation rate. Dailey et al. (1975) and Flowers et al. (1989) also reported that higher feed intakes from weaning to breeding resulted in an increased litter size.
Implications
Gestation protein concentrations did not influence sow weights and subsequent litter size but did influence sow body fat content, lactation feed intake, and litter performance responses, particularly with first parity gilts. Feeding gestation diets at 6.3 Mcal of ME/d to primiparous sows and increasing it by 450 kcal ME/d for each subsequent parity resulted in larger litters and higher sow body fat contents. When the combination of high gestation feed intake and higher gestation protein concentration were fed, litter weights and gains were higher, which was of benefit with first parity gilts and during the first week postpartum with all sows. In later parities, the higher gestation feed intake and the 13% protein diet resulted in reproductive and litter performance responses similar to those of sows fed the 16% protein gestation diet. 
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